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Abstract 
This study evaluates profitability of crop production with variable rate technology (VRT) 
for P&K application relative to profitability of crop production with uniform rate 
technology (URT) using data from six fields with a corn-soybeans rotation situated in 
Indiana. The results suggest that crop production using VRT is more profitable than using 
URT in one of the six fields. In the case of the other five fields profitability of crop 
production using VRT relative to using URT falls in the range of 85 to 92%. Under the 
assumption of lower costs for field diagnostic services and variable rate fertilizer 
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1. Introduction   
 
Many Midwestern fields are not uniformly structured in terms of soil type, quality, or 
fertility. Fields often have areas with high phosphorus and potassium (P&K) content and 
areas with low P&K content.  Agricultural producers must choose whether to use 
conventional (uniform) fertilizer application technology or variable rate technology on 
this type of land. Using uniform technology creates (URT) problems such as decreased 
yield from under and over use of fertilizer and environmental problems from over use of 
fertilizer. This over and under use of fertilizer results in economic consequences for the 
producers, with extra money spent on unnecessary fertilizer and yield penalties.  
Variable rate technology (VRT) allows application of a variable amount of 
fertilizer on each plot of land, depending on the initial content of soil nutrients in the 
particular plot. Therefore, on the same field, some areas receive lower levels of applied 
fertilizer or no fertilizer at all, while some areas receive higher levels of applied fertilizer. 
Choosing between the two fertilizer application technologies (URT and VRT) is a 
problem for anyone who deals with crop production on land with the above mentioned 
characteristics. Ultimately, the decision depends on economic benefits and costs.  
Several studies have been conducted to assess profitability of using variable rate 
technology of fertilizer application
1. In general, conclusions on profitability of variable 
rate technology are mixed. They depend on the crop under consideration, type of nutrients 
(N and/or P&K), soil characteristics, and methodology used to assess profitability. A 
group of results that indicates at least some level of profitability of VRT over the 
                                                            
1 Surveys of studies evaluating precision fertilizer application are presented in 
Lowenberg-DeBoer and Boehlje (1996) and Swinton and Lowenberg-DeBoer (1998).  A 
more comprehensive survey of studies that evaluate various components of precision 
farming, including precision fertilizer application, is presented in Griffin et al (2004).    4 
traditional fertilizer application technology do not account for cost of field diagnostic and 
variable rate fertilizer application in a proper way.  
Therefore, these results overestimate the level of profitability. Also, the majority of 
studies use a partial budget analysis that does not allow to capture all benefits of variable 
rate technology. In summary, the general conclusion is that VRT is not a profitable 
strategy.  
This study aims to conduct a more critical evaluation of benefits from using VRT. 
The first objective of this study is to evaluate profitability of crop production with VRT 
for P&K using a net present value (NPV) optimization approach that incorporates a site-
specific response function for a corn-soybean rotation. Profitability of crop production 
using VRT is evaluated relative to profitability of crop production using URT and 
information technology (IT) on six fields situated in Indiana. The cost of gathering site-
specific information and cost of VRT application are directly incorporated in the models. 
Compared to a partial budget analysis used in previous studies, modeling crop production 
process using a site-specific response function and costs of field diagnostic services, 
including cost of VRT application, allows for a more critical assessment of VRT 
profitability.  
The second objective is to evaluate profitability of crop production using VRT 
relative to using URT and IT under different scenarios. First, we consider different levels 
of costs of field diagnostic services and VRT application. The available detailed 
information on prices for field mapping, soil sampling, agronomic recommendations, and 
VRT application for a few consecutive years is utilized to simulate an alternative set of 
results. Second, we consider higher prices for P&K. As VRT technology is expected to 
reduce the amount of fertilizer applied, under the assumption that fertilizer prices are 
going to increase, the benefits of using VRT might outweigh the benefits of using URT.   5 
Prices for phosphorus and potassium have increased by 64 and 69 percent, respectively, 
during the period of 2003-2006 (Table 1). However, prices for field diagnostic services 
and precision fertilizer application were relatively stable during the same period (Table 
2). In addition, prices for some specific services have even declined. Under these trends 
the profitability of crop production using VRT may be higher than profitability of crop 
production using URT.  
The results of this study may have important implications for decision makers in 
the area of agribusiness, such as agricultural producers, fertilizer and agricultural input 
firms’ dealers, consultants, and extensions agents. The results may be used by agricultural 
producers to modify their production strategies and by fertilizer and agricultural input 
firms’ dealers to improve their marketing strategies.     
The paper is organized as follows. Section 2 presents a literature review of the 
studies that evaluated profitability of VRT. Section 3 discusses the methodology. Data are 
presented in Section 4. The simulation results are discussed in Section 5. Finally, the 
conclusion of the research is presented.  
 
2. Literature Review 
According to Lowenberg-DeBoer and M. Boehlje (1996) “the essence of precision 
agriculture
2 is obtaining more data on production processes and converting that data into 
information that can be used to manage and control those processes”. The authors 
emphasize the crucial role of information for decision-making in agriculture and 
agribusiness today. Information represents one of the significant sources of strategic 
                                                            
2 Precision agriculture practices include variable rate of seeding, fertilizer, pesticide and 
herbicide application, field mapping and soil sampling, and others. For a review of these 
practices see Griffin et al (2004).  
   6 
competitive advantage. Consequently, information is a source of additional value that can 
be extracted from the market by a firm that is able to find out necessary information, 
makes a timely interpretation, and properly uses it in management. 
Variable rate technology of fertilizer application is one of the precision agriculture 
practices. It is a relatively new technology. Adoption of this type of technology is a 
sequential process consisting of three stages (McBride and Daberkow (2003)). At the first 
stage producers become aware of the existence of this technology. At the second stage 
information on soil characteristics is collected and analyzed. This stage usually includes 
field mapping, soil sampling, and analysis of gathered data. The results of the second 
stage may recommend either to use variable rate technology for fertilizer application or 
not to use it. Therefore, the producers who go through the second and the third stages may 
be considered to be the adopters of variable rate technology for fertilizer application. 
In practice, the adoption of variable rate technology for fertilizer application has 
been going relatively slow. McBride and Daberkow (2003) use data from the USDA 1998 
Agricultural Resource Management Survey to analyze factors influencing the adoption of 
precision technologies by corn and soybean producers. Farmers who are aware of 
existence of precision farming constitute 59% of the sample. Only 19% of this group 
adopted one or more of the field diagnostic techniques. Only 9% adopted precision 
application techniques. On average, relatively young farmers, farmers with education, and 
farmers managing large farms are more likely to be adopters at each of the three stages.  It 
turns out that important role in the adoption process belongs to crop consultants and input 
suppliers. The latter often provide field-sampling services, develop recommendations, and 
perform variable rate application. If a farmer is in contact with any of these agents, the 
probability of precision agriculture adoption by the farmer increases by approximately   7 
50% in each case relative to all other sources of information about precision practices 
(extension agents, media sources, other grows, etc.).  
There are at least few factors that may explain this slow adoption rate. First, as the 
results of the above mentioned survey indicate, almost half of the producers who might 
potentially use variable rate technology are not aware of it. Second, the introduction of 
this technology requires additional investments. Third, there are various risks involved. 
Finally, the benefits from using variable rate technology might be lower than the benefits 
from using uniform rate technology. The latter is supported by previous findings 
(Lowenberg-DeBoer and Boehlje (1996), Schnitkey et al (1996), and Lowenberg-DeBoer 
and Aghib (1998)).  
Lowenberg-DeBoer and Boehlje (1996) present a review of available studies 
analyzing profitability of variable rate technology. The results of the studies are mixed. 
They depend on the crop and nutrients under consideration as well as the methodology 
employed to evaluate profitability of precision farming. The authors conclude that the 
profitability of precision farming remains elusive at the farm level, and suggest analyzing 
it in the light of structural changes taking place in agriculture today. Next, we mention 
two studies assessing profitability of variable rate technology for phosphorus and 
potassium.  
Schnitkey, Hopkins, and Tweeten (1996) evaluate precision fertilizer (P&K) 
applications using a site-specific crop response function on 18 corn-soybean fields in the 
Northwest Ohio. The authors evaluate returns from the three alternative fertilizer 
application strategies: uniform, variable rate, and information strategies. This approach 
allows distinguishing the returns from information gathering and variable rate application.  
The authors find that gathering information increases returns by an average of $5.74 per 
acre per year. Precision fertilizer application will result in additional increase of returns   8 
by $3.28 per acre per year. The authors conclude that under the assumptions that the 
information gathering using grid sampling costs about $1.00 per acre and precision 
fertilizer application costs about $3.00 per acre
3 both information gathering and precision 
fertilizer application are feasible. It is pointed out that some fields exhibit low returns. 
Therefore, precision fertilizer technology would not provide a net profit for all fields.  
Lowenberg-DeBoer and Aghib (1998) evaluate returns and risk characteristics of 
site-specific P&K management in the eastern Corn Belt, using data collected from the 
farmer managed on-farm trials. Three approaches of fertilizer application were 
considered: whole field, soil type, and variable rate (site-specific or grid) approach. The 
authors conclude that the site-specific P&K management approach does not reliably 
increase returns as stand alone practice in the case of corn, soybean, and wheat 
production. The average net returns to the soil type approach were $3 per acre higher then 
those of the whole field management approach. The average net returns to the grid 
management approach were $6.35 per acre lower than in the case of the whole field 
management. In addition, these average differences are not statistically significant. The 
authors conclude that the main effect of the variable rate fertilizer application is to 
redistribute the nutrient application across the field, rather than to decrease the amount of 
fertilizer applied.  
Precision technology for fertilizer application is likely to be more profitable than 
uniform rate technology under the following circumstances (pointed out by Swinton and 
Lowenberg-DeBoer (1998)). The first situation is when fields are characterized by high 
soil variability. The second situation is when highly fertile homogenous soils have areas 
with low P&K content. If a precision fertilizer application is used in the latter case to 
raise (build-up) the nutrient content, then VRT is likely to be more profitable. As noted 
                                                            
3 The information source cited is Lowenberg-DeBoer and Swinton (1995).   9 
by Brouder and Lowenberg-DeBoer (2000), variable rate application of fertilizer is not 
likely to be profitable if a field has a relatively uniform structure or the variability in the 
nutrient content is substantial but the levels of nutrients are in the “high” nutrient 
availability range (above critical levels).  
 
3. Methodology  
The profitability of crop production using variable rate technology (VRT), information 
technology (IT), and uniform rate technology (URT) for P & K is evaluated using a net 
present value (NPV) analysis. We optimize (maximize) the net present value, which is the 
discounted sum of the projected series of the net cash flows of the crop production 
process using VRT, IT, and URT.  In other words, we maximize the discounted profit 
from crop production using each of the technologies under consideration over a four-year 
horizon for six fields situated in Indiana. The choice (endogenous) variables are the 
amount of phosphorus and potassium to be applied to maximize the objective function 
(NPV) in the case of each field: 
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The revenue cash flows (Rt) are calculated as the price of the final product (corn 
or soybeans) multiplied by the amount of output determined using the site-specific 
response function. The cost cash flows (Ct) are represented by variable and some fixed 
costs of soybean and corn production, including either the cost of the uniform or variable 
rate technology for fertilizer application. The initial outlay (SSI) is represented by the 
costs of gathering and analyzing site-specific information (soil sampling, filed mapping, 
and agronomic recommendations). These costs are incurred in the case of VRT and IT. 
Finally, d is a discounting factor.   10 
We use a site-specific response function for a corn-soybean rotation (Schnitkey et 
al (1996)). This function is estimated to analyze crop productivity in the Northwestern 
Ohio, and can be used to analyze crop production in Indiana, as field characteristics are 
very similar in these two states. The site-specific crop-response function is estimated for 
four years, and is a nested function of four production functions: corn first year response 
(the first year of crop rotation), soybeans first year response (the second year of crop 
rotation), corn second year response (the third year of crop rotation), and soybeans second 
year response (the fourth year of crop rotation).  The carry-over equations for phosphorus 
and potassium are incorporated in these functions.  
The following assumptions correspond to the set up of the optimization problem 
in this study.   
1.  Income from crop production is generated by the end of the year. Therefore, 
the revenue cash flows are discounted starting from the first year.  
2.  All expenses are incurred at the beginning of each year. Therefore, the cost 
cash flows are discounted starting from the second year.  
3.  A custom operator (cooperative, agricultural input firm or fertilizer dealer) 
provides either uniform or variable rate fertilizer application.  
4.  Phosphorus and potassium are applied during the first and the third years in 
crop rotation.  
The specific features of an optimization problem in the case of each technology 
are outlined below (discounting factor is not included for the simplicity of 
representation). 
Variable rate technology 
Under the variable rated technology a field is considered to be heterogeneous in 
terms of P&K content. The latter varies across the field.  The amount of P&K applied to   11 
one grid is determined independently from the amount of P&K applied to the other grids 
of the same field. The first step is to find the amount of P&K that maximizes the NPV for 
each grid. The second step is to calculate the field NPV. It is done by a summation of the 
NPVs calculated for all grids. 
() , * * ) , , , ( * ) ( max
0 0
1
SSI C VRT P r P r K P K P F S C NPV ti ti ti kt ti pt ti ti ti ti ti t
T t
t
i − − − − − = ∑
=
=









i VRT field NPV NPV  
where:  ) (S C is the price of corn or soybeans, 
  ) , , , (
0 0
ti ti ti ti ti K P K P F is the production function corresponding to year t and grid i, 
0 0, ti ti K P  are the initial content of P&K at the beginning of year t in grid i, 
ti ti K P ,  are the amount of P&K  to be applied in year t to grid i to maximize 
i NPV , 
kt pt r r ,  are prices of P&K in year t, and 
ti VRT  is the cost of VRT application in year t and grid i, 
N is the number of grids representing the field, and  
T is the number of years.   
Information technology 
Under the information technology, a field is viewed as heterogeneous in terms of 
P&K content, and homogeneous in terms of the amount of P&K applied. The amount of 
P&K is applied to the field at the uniform rate which is based on the information about 
P&K content in all grids. Therefore, in contrast to the VRT case, the amount of fertilizer 
applied to each grid, which is the same, depends on the information about P&K stocks in 
all other grids.    12 
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where all notations are as above, and  t URT is the cost of the uniform rate application.  
Uniform rate technology 
Under uniform rate technology, a field is viewed as homogenous in terms of both 
information about P&K content and amount of P&K to be applied.         
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where all notations are as above.   
 
4. Data  
The economic assessment of the three fertilizer application technologies is conducted 
using data from six fields situated in Indiana. Information on various characteristics of 
these fields is taken from Karr (1988) and is summarized in Table 3 (field characteristics) 
and Table 4 (soil characteristics relating to P&K content). The amount of phosphorus and 
potassium varies significantly across the fields. Although the amount of phosphorus is 
above the critical level on all fields, the amount of potassium is below the critical level on 
some of the fields. Therefore, these fields are potential candidates for VRT application. 
The fields are divided into grids. Information on the initial content of P&K in each grid is 
available for all fields.  
Prices of corn and soybeans and all expenses incurred during the production 
process are taken from the yearly crop costs and returns guides developed at Purdue 
University (Miller and Dobbins (2003 and 2004) and Dobbins and Miller (2005 and 
2006)). We use information for 2003-2006 years, which is summarized in Table 1. 
Information on prices of site-specific services (soil sampling, field mapping, and 
agronomic recommendations) and prices for fertilizer application (uniform and variable   13 
rate fertilizer application) for 2002 year is collected from Whipker and Akridge (2002) 
and is represented in Table 2.  
Discounting rate equal to 5 percent is used in the analysis. 
  
5. Results 
In the case of each field four simulations were run to investigate profitability of crop 
production using VRT, IT, and URT under different assumptions
4. The differences in the 
scenarios are due to the level of prices of P&K and prices for soil diagnostic services and 
variable rate technology application. The average level of prices for diagnostic services 
and VRT application is used in the first scenario. The second scenario is based on the 
minimum level of prices for field diagnostic services and VRT application. The third 
scenario assumes that prices for P&K are approximately 30 percent higher than those 
used in the first scenario. Finally, the fourth scenario uses the assumptions of the second 
and the third scenarios (the minimum level of prices for field diagnostic services and 
higher fertilizer prices). 
The first scenario simulation results (Table 5) suggest that only on one (Oxemann) 
field out of six fields crop production using VRT is more profitable than using URT.  The 
total profit for Oxemann field is $2025.00 in the case of VRT and $1238.00 in the case of 
URT. Therefore, crop production using VRT is 163.57% more profitable than crop 
production using URT on this field. In the case of the remaining five fields, the 
profitability of crop production using VRT is less than the profitability using URT. The 
                                                            
4 If simulation results suggest to apply both P and K, then price for variable rate 
application multiple product service is used in the analysis. If simulation results 
recommend to apply only one nutrient a year or the amount of the other nutrient is 
negligible, then price for variable rate application single product is used. As price for 
uniform rate technology application service is not available for 2002, price for this service 
from 2004 is used instead.     14 
ratio of the VRT profitability to the URT profitability falls in the range of 84.55% to 
91.59% in this case.  
Only in the case of Oxemann field the amount of K applied in the VRT case (681 
lb/field) is considerably lower than the amount of K applied in the URT case (7117 
lb/field). Consequently, the cost of fertilizer is considerably lower. In the case of all other 
fields, VRT may results either in increase of decrease of fertilizer application. However, 
these differences are not as significant as in the case of Oxemann field.  
An important factor that explains these outcomes is the average initial level of 
P&K in the soil
5. The initial content of phosphorus exceeds the critical level on all fields
6. 
The initial content of potassium is below the critical level
7 in the case of Hess field and 
Oxemann field. If the initial content of a nutrient exceeds the critical level, then the URT 
is likely to provide a more profitable outcome, as no or a small amount of fertilizer is 
required. If the initial content of a nutrient is below the critical level, and there is 
variability across the field, then the VRT is likely to provide a more profitable solution 
than URT. This is what we observe in the case of Oxemann field. Similar to Oxemann 
field outcome is expected for Hess field, but the results suggest that the VRT is only 
approximately 89% as profitable as the URT on this field. A possible explanation of this 
unexpected outcome is different amount of information on the initial P&K stocks for 
Oxemann and Hess fields. Hess field consists of 63 grids and Oxemann field consists of 
                                                                                                                                                                             
 
5 In the case of each field the initial levels of P&K are calculated as the averages of P&K 
content across all grids representing the fields.  
6 The critical level of phosphorus for corn is approximately 30 lb/acre (Vitosh et al 
(1995)). 
7 The critical level of potassium depends on the soil cation exchange capacity. As the 
levels of cation exchange capacity are different for all fields, the critical level of 
potassium for each field is calculated and the results are presented in Table 4. The 
methodology of calculation of the critical level for potassium is presented in Vitosh et al 
(1995).    15 
100 grids. Therefore, approximately 60 percent more information is provided in the case 
of Oxemann field relative to Hess field. In the situation of the four other fields differences 
in profitability of the VRT may be similarly attributed to the differences in the initial 
amount of P&K in the soil and the amount of information provided. In all these cases the 
initial content of P&K exceeds the critical levels.  
It is important to note that in the situations when the average amount of 
phosphorus and/or potassium exceeds the critical levels, individual grid P&K content may 
be below this level. In situations like this crop production with VRT may be as profitable 
as crop production with URT. For example, in the case of Jones field the average, 
minimum, and maximum initial contents of K across all grids are 250 lb/a, 98 lb/a, and 
535 lb/a, respectively. The average, minimum, and maximum critical values for K 
calculated for this field are 184 lb/a, 155 lb/a, and 280 lb/ac. Approximately 25 percent of 
all grids are below the critical level. Similarly, in the case of Clingenpeel field more than 
50 percent of girds have K content below the critical level, but the average content is 
above the critical level. Despite the fact that the average content of K is considerably 
above the critical level, production with VRT is almost 92% as profitable as production 
with URT.  
An important factor influencing the level of profit in the case of crop production 
with URT is the initial amount of P&K specified in the model. In this study the average 
content of P&K across all grids is calculated and used in the model. Given a substantial 
variability of the nutrients’ content across all grids of the fields, changing the initial level 
of nutrients would change the level of profitability. For example, a decrease in the level 
of P&K is likely to result in a decrease of the URT profitability. Consequently, using 
VRT could be more profitable. This highlights the importance of the information used to 
make decision on the initial levels of nutrients to be used in the analysis. For example, in   16 
the case of Clingenpeel field, the mean content of potassium is 216 lb/a, while the 
minimum and maximum values are 62 and 642. Therefore, any reasonable deviation from 
the average level specified in the model will decrease or increase the profit from crop 
production using URT. Consequently, the profitability of crop production using URT 
relative to the profitability of crop production using VRT will change.   
In the second scenario the minimum level of prices for diagnostic services and 
VRT application are used. The VRT results of Scenario 2 are compared with the URT 
results of Scenario 1 (Table 6). As it is expected profitability of crop production using 
VRT relative to using URT has increased. As in Scenario 1 only in the case of Oxemann 
field crop production with VRT is more profitable than crop production with URT. 
However, in the case of other five fields, profitability of crop production using VRT 
relative to using URT has increased and falls in the range of 92% to 99%. In the case of 
Jones, Hess, and Clingenpeel fields, crop production using VRT is almost as profitable as 
crop production using URT. Therefore, if a producer has opportunity to pay less for field 
diagnostic services and VRT application, it may result in the situation when crop 
production using VRT will be at least as profitable as crop production using URT.  
In the third scenario the 30 percent higher prices for P and K are used when both 
the results for VRT and URT cases are generated (Table 7). The pattern of profit 
distribution is similar to that of Scenario 1. Crop production using VRT is more profitable 
than using URT only in the case of Oxemann field. It should be noted that for this field in 
Scenario 3 profitability of VRT relative to URT is considerably higher than the same 
outcome in Scenario 1. In the case of all other five fields, crop production using VRT is 
less profitable than crop production using URT. In addition, the profitability of VRT 
relative to URT on these fields is lower than in Scenario 1. Therefore, higher P and K 
prices are not likely to change a relative profitability of crop production using VRT and   17 
crop production using URT. However, if crop production using VRT was more profitable 
than using URT in the scenario of lower P&K prices, it is likely to be even more 
profitable in the scenario of higher P&K prices.  In the opposite situation (crop 
production using VRT is less profitable than using URT) higher P&K prices are likely to 
result in a larger difference in profitability levels of these two technologies.  
Scenario 4 assumes the lower level of prices for field diagnostic services and VRT 
application and higher P&K prices in the case of VRT application. In the case of URT 
application, average prices for URT application and higher P&K prices are used. Under 
this set of assumptions, crop production using VRT is more profitable than crop 
production using URT only on Oxemann field (Table 8). The relative profitability of crop 
production using VRT and using URT in Scenario 4 is higher than in Scenario 1 and 
lower than in Scenario 2.  In the case of Hess and Jones fields, crop production using 
VRT is almost as profitable as crop production using URT. In the case of all other fields 
the profitability of crop production using VRT relative to crop production using URT 
falls in the range of 88.16% to 94.88%. Therefore, in the situation of higher fertilizer 
prices and lower prices for field diagnostic services and VRT application, profitability of 
crop production using VRT is likely to increase.  
Simulation results on profitability of crop production using information strategy 
are mixed. In the first scenario crop production using IT is the least profitable strategy in 
the case of four (Hess, Banta, Jones, and Clingenpeel) out of six fields. This is explained 
by the fact that the amount of fertilizer to be applied according to the IT requirement is 
approximately the same as under URT and/or VRT strategies. However, costs for field 
diagnostics services are incurred. These costs are approximately 2-3 times as high as costs 
of variable rate application (Table 2). Therefore, in this situation the benefits of using IT 
do not outweigh its costs relative to URT and VRT. Only in the case of Oxemann field   18 
crop production using IT is the most profitable strategy. Under the second scenario (lower 
prices for field diagnostic services and variable rate application), crop production using 
VRT is a more profitable strategy than crop production using IT. Under the third scenario 
(higher P&K prices), only in the case of Oxemann field crop production using IT is the 
most profitable strategy among all three strategies. This is explained by the fact that no 
fertilizer is recommended to apply. In summary, in the majority of cases crop production 
using IT is the least profitable strategy.  
The important assumption underlining the level of profits for crop production 
using URT is that there is no cost for field diagnostic services. The averages of initial 
stocks of P&K were calculated using information on P&K content in each grid. 
Therefore, there exists some implicit cost for information gathering in the case of URT. 
This cost is not accounted in the analysis. Therefore, the level of profitability of crop 
production using URT is somewhat understated.  
 
6.  Conclusion 
This study evaluates profitability of crop production using variable rate technology for 
P&K relative to profitability of crop production using uniform rate technology and 
information technology. To assess profitability of crop production we use data on soil 
characteristics relating to P&K content from six fields situated in Indiana, a site-specific 
crop response function for a corn-soybean rotation, and information on field diagnostic 
and variable rate application services. 
In the case of one out of six fields crop production using VRT is a more profitable 
strategy than crop production using URT. In the case of the other five fields, the ratio of 
profitability of crop production using VRT relative to profitability of crop production 
using URT falls in the interval of 85-92%. In the scenario with lower prices for field   19 
diagnostic services and VRT application, profitability of crop production using VRT has 
increased relative to profitability of crop production using URT. The ratio of profitability 
of crop production with VRT to profitability of crop production using URT has increased, 
and falls in the range of 92-99%. Higher prices for P&K tend to increase profitability of 
crop production with VRT relative to profitability of crop production using URT, if the 
former was more profitable than the latter in the scenario with lower P&K prices. If crop 
production with VRT was less profitable than crop production using URT in the scenario 
of lower P&K prices, higher fertilizer prices lead to a larger difference between the 
profitability levels of these two technologies.  
The simulated levels of profitability of crop production using VRT is affected by 
the field characteristics relating to P&K content. Crop production using VRT is likely to 
be more profitable than crop production using URT if the initial content of P and/or K is 
below the critical level in some grids and above the critical level in the other grids of the 
field. It is important to note the importance of the data on the initial P&K content used in 
the case of evaluation of crop production using URT. Any reasonable deviation from the 
average level of the nutrients characterizing fields under consideration may lead either to 
an increase or a decrease in profitability level of crop production using URT. In addition, 
profitability of crop production using URT was calculated using the assumption that there 
are no costs associated with gathering information. Although these costs are lower in the 
case of URT than in the case of VRT, ignoring this component in the analysis results in 
the overestimation of the profitability of crop production using URT. Crop production 
using information technology is the least profitable strategy in the majority of cases.  
In summary, crop production using VRT may be a more profitable strategy than 
crop production using URT on the fields with certain characteristics. If prices for field 
diagnostic services and variable rate fertilizer application continue to be stable and even   20 
decline, as it has been observed recently, crop production using VRT is going to be even a 
more profitable strategy than crop production using URT.  
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Table 1. Corn and Soybean Production Budgets. 
Expenses and Prices  Units  2003  2004  2005  2006 
      corn  soybeans  corn  soybeans 
Harvest price  $/bu  2.16  6.14  2.12  5.84 
Variable costs          
Fertilizer (N and lime)  $/a  34.14  0.00  45.58  0.00 
P&K $/a  14.86  22.12  20.42  31.82 
Seed $/a  30.00  33.00  34.00  37.00 
Chemicals $/a  18.00  16.00  19.00  12.00 
Dryer fuel & handling  $/a  15.00  1.00  17.00  1.00 
Machinery fuel  $/a  10.00  10.00  12.00  17.00 
Machinery repairs  $/a  9.00  9.00  10.00  10.00 
Hauling   $/a  8.00  3.00  9.00  3.00 
Interest $/a  4.00  4.00  6.00  5.00 
Insurance & misc.  $/a  11.00  8.00  11.00  8.00 
Overhead          
Machinery replacement  $/a  52.10  52.10  52.10  52.10 
Drying/handling $/a  7.20  7.20  7.20  7.20 
Family and hired labor  $/a  37.00  37.00  39.00  39.00 
Land $/a  125.00  128.00  129.00  134.00 
Price of P  $/lb  0.22  0.28  0.30  0.36 
Price of K  $/lb  0.13  0.14  0.18  0.22 
Source: Crop Returns and Expenses Guides (Miller and Dobbins (2003 and 2004) and 
Dobbins and Miller (2005 and 2006)); data are for the average level of soil productivity. 
Fertilizer (N and lime) were calculated by the author by subtracting the value of P&K 
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Table 2. Field Diagnostic and Fertilizer Application Prices ($/acre). 
Field diagnostic and fertilizer Application 
Services 
Average Minimum  Maximum 
      2002    
Field diagnostics     
Soil sampling with GPS  7.30  2.50  11.00 
Field mapping with GPS  4.54  0.50  10.00 
Agronomic recommendations  2.61  0.00  6.00 
Total diagnostic services  14.45  2.50  27.00 
Fertilizer Application       
Traditional   n/a  n/a  n/a 
GPS  variable rate single product  5.81  3.00  8.50 
GPS  variable rate multiple product  7.67  5.00  10.00 
      2003    
Field diagnostics     
Soil sampling with GPS  6.19  2.50  8.50 
Field mapping with GPS  3.56  1.00  7.50 
Agronomic recommendations  2.60  0.00  6.50 
Total diagnostic services  12.35  3.50  22.50 
Fertilizer Application     
Traditional   n/a  n/a  n/a 
GPS  variable rate single product  5.31  2.50  7.50 
GPS  variable rate multiple product  7.02  4.50  9.00 
      2004    
Field diagnostics     
Soil sampling with GPS  5.91  2.00  8.50 
Field mapping with GPS  4.00  0.50  7.50 
Agronomic recommendations  1.62  0.00  4.00 
Total diagnostic services  11.53  2.50  20.00 
Fertilizer Application       
Traditional   4.58  3.00  6.00 
GPS  variable rate single product  5.37  3.25  7.50 
GPS  variable rate multiple product  6.95  3.75  9.50 
      2005    
Field diagnostics     
Soil sampling with GPS  5.91  1.20  9.60 
Field mapping with GPS  4.18  0.25  8.50 
Agronomic recommendations  1.53  0.00  4.50 
Total diagnostic services  11.62  1.45  22.6 
Fertilizer Application       
Traditional   4.82  3.00  6.80 
GPS  variable rate single product  5.76  3.10  7.70 
GPS  variable rate multiple product  6.86  2.90  9.80 
Source: Whipker and Akridge (2002, 2003, 2004, and 2005).  
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